Hospital administrations in the developing
Introduction
Physicians are the most important human resource deployed in a multispecialty hospital to undertake a variety of tasks. This includes holding consultations with sick patients visiting an outpatient department (OPD), attending to the victims of accidents and emergencies (A and E), treating patients admitted as inpatients in a hospital (IPD) and performing surgeries or minor procedures on patients. The workloads involving some of these tasks are quantifiable using service statistics such as annual number of OPD visits, annual number of inpatients treated, and annual number of major and minor surgeries. Other activities like departmental meetings, bedside teaching and administrative work etc. are more difficult to quantify. Physician 158 Basu Ghosh and Cruz George requirement planning is indeed a complex research issue. Such planning tasks for a multi-specialty hospital have thus become an important area of investigation for human resource planners.
Review of Past Research
Researchers in developed countries have used production functions for estimating physician requirements (Lipscomb et al. 1995) . In one variant of this approach, the volume of workload is modeled as a function of the number of staff physicians, number of residents, and other relevant variables. In another variant (that is, inverse production function), the quantity of physician full time equivalents is hypothesised to be a function of factors such as total inpatients, ambulatory and long-term care workload, number of residents and other relevant variables. The dependent variables are then estimated using ordinary least squares regression.
An alternative approach may be to estimate physician requirements using a composite measure of workload. However, considering the complexity of the tasks undertaken by physicians, and the wide variation in the quality of care, it is difficult (though not impossible) to set precise time standards for different activities (by way of specifying the time required per unit activity).
Estimates by different physicians of the time taken to undertake a particular activity vary widely. This has prompted a research team to advocate the use of a complex maximum likelihood estimation procedure for pooling the estimates (Lipscomb et al. 1988) . Others have pleaded for the use of computer simulation techniques to study complex patient flows in clinics and thus determine staffing of a clinic (Cono and Dawson 1993, Iscon et al. 1999) . Researchers have also investigated the effect that patient load may have on physician service time (Salzarulo et al. 2002) . Based on analysis of data gathered from an outpatient clinic, they inferred that when the clinic became busy, the per patient service times increased. They concluded that the increase in service time per patient could be attributed to the doctor interrupting a patient's visit by leaving the examining room or working with other patients or performing some function that was not related to the current patient's case.
Such approaches require detailed data and considerable research and analytical skills, which may not be available in a developing country hospital, where research resources are scarce. In order to be able to estimate the physician requirements fairly objectively, some usable time estimates for undertaking measurable activities are still needed: for example, average time required for an OPD consultation, average time required for a major surgery, average time required for a minor procedure etc. If the information on the quantitative outputs (in terms of annual numbers) is available, it is possible to convert this information into a meaningful estimate of physician requirement for a department using the average unit time estimates for various tasks. This method is in line with the evolving approach for workload measurement for determining staffing levels (Wiskow 2004) . The humanresources planning unit of the Ministry of Health, Oman developed a methodology applicable to a multi-specialty hospital where every category produces multiple outputs. This led to the development of a 'hospital manpower planning model', which uses productivity-cum-allocation considerations for estimating manpower requirements in a hospital (Ghosh 1998) . This model has been further perfected to incorporate more real-life complexity and to make it more user-friendly.
The computer-based physician requirement planning model presented in this article is used routinely by the Ministry of Health, Oman for estimating the physician requirements in the Ministry's regional and sub-regional hospitals. This article presents an updated version of the physician requirement planning model, with the added feature that it uses a user-friendly computer-based approach. A similar approach is used for paramedic categories such as radiographers, laboratory technicians, and physiotherapists etc. The outputs of which are reasonably measurable. In view of the distinctive nature of the nursing function, a specially developed computer-assisted 'nurse requirement planning model' is used by the Ministry for estimating nurse requirement in a hospital (Ghosh and George 2005) .
Essence of the Model
The model is applicable with modifications to any multi-specialty hospital. However, for the purpose of developing it, the authors have made the following assumptions. The hospital has a certain number of inpatient beds, which are allocated to various specialties. The outpatient services are organised as follows. The main hospital (hereafter termed the Referral Hospital RH) runs only secondary and tertiary care clinics. There is an attached (but organisationally separate) polyclinic (termed Extended Health Center or EHC), which runs only primary health-care clinics. The referral hospital is expected to admit or treat only the cases referred by the EHC or other health-institutions in the catchment area of the hospital (except for accident and emergency cases, which do not require any referrals). General physicians (GP) and other support staff are separately allocated to both RH and EHC, but the specialised physicians are allocated only to RH. The latter is allocated from the respective department pools of RH, on rotation basis, thus minimising the chances of professional isolation and obsolescence, and ensuring effective integration. RH is expected to provide specialist consultation for the referred cases, inpatient care and all other services not available in the EHC. The specialist consultation clinics in RH are expected to run 5 days a week, but the A and E services are expected to be available round the clock. As regards the physician teams allocated to a department, it is assumed that only one team is allocated to each department. The model can easily be modified to incorporate more than one team if required. A specialist team may comprise several subcategories. In the given setting, it consists of senior consultant (usually a maximum of one per department), senior specialist, specialist, junior specialist and medical officer (special). A pool of medical officers (GP) is also available to run the A and E Unit and to assist as resident medical officers in the inpatient units.
For estimating the physician requirement for a department, this model requires certain general information common to all departments (that is, working days in a year, eligible leave for a physician, working days per physician per year, and number of working hours per day) and certain information specific to individual departments (that is, activities for which outputs can be measured in terms of annual number, performance standard in terms of average time required to perform a unit activity of each type, and an allowance factor to represent the non-quantifiable part of the work). The required information is collected from the annual statistical reports and from the hospital (pattern of deployment, utilisation and productivity). A performance standard is worked out for the measurable outputs based on expert opinion or consultation with heads of departments (HoD). These estimates are tested for different hospitals and for the same hospital over time, finally to arrive at certain acceptable standards. The basic approach (elucidated with an example in the earlier publication) involves the estimation of a department's workload in a specific activity by multiplying the annual activity workload by its corresponding time standard (Ghosh 1998) . Based on the current practices, and the department's nature of work, an allowance of 15-17 per cent is usually added to cover the miscellaneous (mostly nonquantifiable) work components. Physician requirement is derived by dividing the total workload by the working hours available per physician per year. Since the Resident Medical Officers (RMO)' work cannot be directly converted into output measures depending on the number of beds in a ward, a reasonable number of RMOs is allocated separately.
Let w denote the number of working days/physician/year. Let h denote the number of working hours per day. Let T denote the total number of working hours per physician per year. Then T = wh. For a certain department, let 'i' stand for activity number which varies from 1 to 4, (e.g. OPD consultation, major surgery, minor surgery and OPD procedures in the general surgery
department). Let m(i) denote the time (in minutes) per case required per unit of activity (i). Let L(i) denote the estimated annual workload of activity (i). Let H(i) denote the total physician-hours required for activity (i). Then H(i) = m(i).L(i)/60. Let P(i) denote the equivalent number of physicians required for activity (i) = H(i)/T (by definition)
. Let P A denote the total equivalent number of physician requirement for major measurable activities.
Then P A = ΣP(i) = ΣH(i )/T = (1/T ) ΣH(i ) = (1/T ) Σm(i).L(i)/60 = {Σm(i).L(i)}/60T
Physician requirement for in-patient care under a specialty is estimated as follows. It is assumed that the patients are seen by physicians (other than RMO) on 300 (that is, hospital working days) of the 365 days in a year, and on other days they are looked after only by RMO. Then P I = B.b.300.m(I )/ T where P I denotes the equivalent number of physicians (other than RMOs) required for inpatient care, B denotes the number of beds under the specialty, b denotes bed occupancy percentage expressed in points, and m(I) denotes the time spent by a physician per inpatient per day in hours. Let P M denote the total equivalent number of physicians requirement for major activities including in-patient care. Then P M = P A + P I .
Total equivalent number of physicians requirement for all activities (other than RMO) is obtained after adjusting the requirement for major activities by the percentage allowance factor to cover the additional requirement to carry out the miscellaneous (largely non-measurable) activities. Let 'p' denote the allowance factor expressed in points = 0.17 (say) that is, 17 per cent. Let P M* denote the total equivalent number of physicians requirement for all activities (other than RMOs) including miscellaneous activities. Then P M* = P M /(1-p). Let P C denote the combined equivalent number of physicians requirement for all activities together. As the RMO are stationed round the clock, their requirement will have to be based on physical presence rather than the activities they carry out. If 'R' RMO are provided based on the allocation needs for the coverage of ' B' beds. Then P C = P M* + R. Usually two physicians are sanctioned for RMO duty per ward of 32 beds as a supplement to the staff strength of the department.
However, the hospital administration may or may not allocate physicians for RMO duty. They may use interns or post-graduate student residents for such purposes. The estimated overall staffing requirement is compared with the available manpower in order to asses the excess or shortfall in physician availability. The overall requirement of physicians is also spilt into subcategories like Sr. Consultant, Sr. Specialist, Specialist, Jr. Specialist and M.O. (Special) depending on management policy and financial considerations. In the light of the results of this exercise, final recommendations are made for additional sanction of physician posts.
User-Friendly Computer Model
Physician requirement planning using the above approach may be carried out using the MS Office Excel package. This task is simplified and made more elegant by developing a user-friendly Graphic User Interface (GUI)-based computer programme (developed using Java). See illustration in Figure 1 .
In this computer-based model, general information regarding the work environment such as the number of working days, working hours and the activity standard times are inputted (in the upper panel of the visual display screen) and the activity-wise annual workload information and bed occupancy figures are inputted (in the bottom panel of the visual display screen). Since the physician allocation for OPD coverage at the extended healthcentres or EHCs (that is, polyclinics attached to the hospitals) is done from the pool of physicians allocated to a hospital, there is provision to include the EHC workload separately as an input parameter and determine the EHC requirement accordingly. Once the 'calculate-button' (in the visual display page) is pressed, the model computes and displays the activity-wise physician requirements and the consolidated overall requirement. There is provision to enter the approved number of positions in the bottom panel so that the additional requirement and the current productivity level can also be computed and displayed. The model also provides for storing the information in a MS Access database so that the information can be retrieved any time. Since the inputs and outputs are displayed in the same screen, the screen itself may be printed as the output of the whole exercise. The model and the software package allow the user to undertake the department-wise Changes Not Saved exercises one at a time. It also enables the user to finally present an institutional summary (Doctors Summary Table) , which presents concisely the overall and specialty-wise current availability (for example, Avai. Sr Con.) and requirement (for example, Req. Sr Con.) of physicians in various clinical specialties. See illustration in Figure 2 .
Discussion
This specially designed software is a better choice over the conventional spreadsheet applications. In this approach the user will not inadvertently erase or distort the computational formulae. If the Ministry decides to make the model available to a hospital's management for their own use to build up a case for additional manpower requirement, the Ministry has the choice of freezing the parameter values to their agreed or standard values. Unlike a spreadsheet application, this model presents the entire set of inputs and outputs in a compact format. Cost of this innovative approach is low since PCs/computer terminals are generally available in a modern hospital. Although it is difficult to translate the costs and benefits in monetary terms, it is evident that the benefits of the model far outweigh its costs. Hence, it is desirable for a hospital, a hospital chain or a Ministry of Health to consider adopting this systematic approach to physician requirement planning. This computer-based approach is regularly being used by the Ministry of Health in the Sultanate of Oman for initial requirement-planning and periodic adjustment of physician manpower in its hospitals (Ghosh 2003 and Ghosh 2004) . Staffing decisions are based on the outcome of the exercises undertaken using this new approach. Computerisation has helped to increase the ability of the human resources planning unit to respond promptly to requests by hospitals for a manpower assessment in their institutions. The Ministry is also able to monitor the human resources situation in the hospitals on its own using the new approach.
Conclusion
This article has outlined an innovative computer-based approach for the estimation of physician requirements in the various departments of a multispecialty hospital. This model enables easy simulation of alternative utilisation scenarios and time-standards. The users of the model can easily test the robustness of the staffing recommendations in conditions when there are changes in the basic parameters of the system caused by organisational or technological changes. This approach can support administrators grappling with the problem of physician-staffing decisions. It enables health administrators to objectively examine requests for additional demands for physicians and respond promptly to the demands. Use of this well-tested model is expected to reduce the subjectivity in the decision-making for approval of new physician posts. Hospital administrators can use the model to study the implications of changing hospital-specific and standards-specific parameters on physician requirements. It strengthens the hands of overburdened hospital department heads, who can request for a fresh staffing assessment based on this model, and bargain for a just revision of its staff strength.
